The attractiveness of the concept of prevention is enshrined in English idiom, and has been advanced with such fervour in dentistry during recent years that the rising generation may sometimes be deluded into believing that this is a modern development. Such is far from being the case, preventive dentistry having been preached and advocated in this country certainly since the beginning of this century. Among the first crusaders was James Sim Wallace, who published a book entitled 'The Cause and Prevention of Decay in Teeth' in 1900 and continued to preach the doctrine it spelled out for 50 years thereafter.
Much of what is held to be innovative thinking in the field of dental health education would not have been novel to Sim Wallace. For fifty years he reiterated instructions based on preventing dental disease by dietary measures with which no writer of today's health education leaflets would substantially disagree and yet, at the end of that time, the state of dental health of the nation was probably worse, and certainly no better, than it had been when he started.
There can be few dentists who graduated in Britain during the years between the wars who were not imbued with the teachings ofSim Wallace. The value of detergent diets was faithfully assimilated by undergraduates of those days, and it could certainly not be said that Wallace's teachings were given less than ample exposure in the journals and textbooks of the time. The failure of this approach to prevention must be sought in causes other than inadequate communication. The most obvious reason, perhaps, is lack of receptivity on the part of the general public. From childhood to old age people prefer to eat food of their choice rather than by prescription or proscription. The knowledge that sugar is at least an important factor in the causation of tooth decay has been sufficiently widely disseminated for one to assume that in urbanized communities -where the prevalence of caries is at its highest -ignorance of this deleterious effect is unlikely to be an important consideration.
In fact, however, it may well be that people have an exaggerated idea of the significance of sugar in the causation ofcaries. Certainly this can be said of many dentists, who have come to regard caries as an automatic consequence of eating sugar. Such assumptions overlook those instances that contradict preconceived ideas. An example is provided by the unusually low incidence of caries in the town of Heliconia in Colombia, where pane1a (crystallized sugarcane juice) is consumed in large quantities from infancy to old age. Bowen et al. (1977) found 20% of a group of 347 children in Heliconia to be caries-free, while in the comparable town of Don Matias only 2 out of 154 were caries-free and the caries index in the remainder was three times that observed in the children of Heliconia. Low caries incidence has been found to occur in many different parts of the world, but the noteworthy feature in this instance is that the relative resistance of children in Heliconia is associated with a water supply devoid of detectable fluoride and with an extremely high level of sucrose in the diet.
This phenomenon is referred to not in order to exculpate sugar from its irrefutable role in the pathogenesis of dental caries; it merely illustrates that to regard sugar as the sole cause is an over-simplification. Diet is not the whole story and advocating the exclusion of sugar, even with evangelistic fervour, will not bring about the conquest of caries.
There is a far more substantial scientific basis to recommendations concerning the fluoridation of water. Indeed, the dental profession can justifiably cite the work it has instigated and the studies that have been carried out as a truly scientific approach to the prevention of dental caries. Water fluoridation has probably been more thoroughly researched than any other public health measure in the last forty years.
Resistance to water fluoridation has done much to promote the development of other forms of fluoride therapy. Among these, topical application has been studied in detail, first with aqueous sodium fluoride and latterly with acidulated phosphate fluorides. The efficacy of these solutions has' probably been exaggerated by advertisers and by over-enthusiastic clinicians. Murray (1980, unpublished) has deduced from an analysis of published studies that topical fluoride therapy can prevent caries in about 0.2 of a tooth surface per person per year; that is, that one single carious surface is likely to be prevented in every fivesubjects treated per year. The cost-effectiveness of such a reward suggests that topical application is a method of practical importance only in exceptional cases -such as children suffering from diseases that necessitiate the preservation of teeth at all costs, or children who can be identified as being at risk to an attack of rampant caries -and even then only as one of many different approaches to the problem.
As a natural consequence of studies on topical fluorides, fluoridated toothpastes were developed and, although they were virtually unobtainable in Britain ten years ago, fluoride is now almost as much a part of toothpastes as is flavouring. Careful and comprehensive trials have established that these preparations are of value in preventive dentistry, even if not to the extent that advertising would have us believe. Quoting Murray again, it seems probable that for every ten children participating in a clinical trial (and therefore receiving free toothbrushes and free toothpaste), approximately 6 tooth surfaces per year will be saved from caries. This is hardly the effect that a panacea would produce but at least it lifts toothpaste above the level of a cosmetic placebo.
There is good scientific support for the view that the aim of preventing caries is better served by fluoride-containing toothpastes than by the dwindling proportion that are not so augmented. Nevertheless, there is nothing like the same sort of evidence to support more extravagant claims. In recent years, for example, there has been a marked decline in the incidence of caries in certain areas; surveys from Avon (Dowell 1980 ) and from Somerset (Anderson 1980) are two cases in point, and the improvement has been attributed by some to the advent of fluoridated toothpaste and to the possibility that, in addition to the topical benefits, a systemic effect is being achieved through the amount swallowed by children. Such speculation overlooks the existence of evidence (Naylor et 01. 1971 ) that the amount of toothpaste swallowed by pre-school children is minimal and that when fluoride dentifrices are used by older children between 70% and 90% of the fluoride remains on the brush or is expectorated.
. It is surprising that despite the thorough studies devoted to the cariostatic effect of fluoride, there is still some uncertainty as to its precise mode of action. Following the original discovery that mottled teeth seemed less susceptible to caries than their normal counterparts, much work was devoted to identifying changes in the composition of enamel that might account for this impregnability. Other properties of the fluoride ion have since come to be recognized as potential contributors to caries prevention. In particular, the effect of fluoride on oral microorganisms shows that the benefits conferred are not confined to changes in the structural composition of teeth. There is evidence to show that the population of Streptococcus mutans within the dental plaque is.substantially modified by the application of fluoride solutions and that, by inhibiting enolase, fluoride interferes with the fermentation of carbohydrate to lactic acid.
This inevitably leads to a more detailed consideration of the microbial aspects of dental caries. A particular weakness in the theory that caries can be controlled by dietary discipline is that it pays attention to one side of the chemicoparasitic theory while neglecting the other. Sugar alone, or any other form of fermentable carbohydrate, is incapable of harming the surface of teeth; it is merely a bacterial substrate, whose end product is damaging to calcified tissues'.
In terms of a scientific approach, the control of dietary intake is much less easily quantified than is the efficacy of measures directed against bacteria. There are many reasons to explain why attention has been directed predominantly towards sugar rather than the bacteria which ferment it. Yet, as long ago as 1924, caries was described by Kilian Clarke as an infectious disease, and the experimental studies of Keyes in 1960 provided eloquent corroboration for Clarke's inference. Despite all this, the concept that caries is an infectious disease has not really gained unqualified acceptance. Misconceptions still abound and it has even been described recently as a self-inflicted condition; caries is no more self-inflicted than is the common cold -negligence, admittedly, serving to increase susceptibility to both infections.
Why this matters is that until the infective nature of caries is recognized and appreciated by dental practitioners, they can still do no more than trot out advice about avoiding sugary foods and brushing teeth after meals. Such advice, it may be felt, can do some good to those who are sufficiently obedient and can certainly do no harm; however, harm is done when parents follow advice and see their children develop caries in spite of their efforts. It is ea.sy enough to demonstrate that neither toothbrushing nor detergent foods will suffice to remove the microbial aggregations that colonize tooth surfaces. Toothbrushes, at best, clean macroscopically; the sites of initiation of dental caries are, at most, microscopic. Taking as an example another infectious disease, at one time quite as common as dental caries, it could be said that the way to prevent cholera is to avoid drinking water that has not been boiled. If science had remained content with restrictions of this sort, as dentists appear to be content with restricting the consumption of sugar, outbreaks of cholera would still be as common as outbreaks of caries. It is only when the organism is attacked that the infectious disease can truly be prevented. Nor need it be attacked in only one way; cholera is widely and effectively prevented by the chemical treatment of water supplies and by immunization, and it is neither irrational nor over-optimistic to suggest that water fluoridation combined with appropriate immunization could do the same for dental caries.
In recent years much has been made of Swedish studies (Axelsson & Lindhe 1977 ) suggesting that a very high level of cleanliness could bring about total protection from dental caries. The work was carried out with great thoroughness, the children in the study having their teeth professionally cleaned once a fortnight together with oral hygiene instruction. Ashley & Sainsbury (1981) have recently completed a study planned along similar lines to those ofAxelsson and Lindhe. Their results cast serious doubt on the whole concept of preventing caries by oral hygiene. Since a careful and well-controlled study has failed to demonstrate any reduction in dental caries after two and three years of an impracticably thorough oral hygiene programme, it is unrealistic to expect caries prevention from oral hygiene as ordinarily practised -or even when practised in accordance with optimistic posters depicting the removal of colonies of microorganisms by so crude an implement as a toothbrush.
The efficacy of toothbrushing for the removal of circumgingival debris is much less questionable. Misapprehensions arise from the use of a single term, dental plaque, to describe all soft deposits occurring on the teeth; there are considerable differences, both qualitatively and quantitatively, between plaque that has been shown to be associated with the initiation of caries and the bulkier deposits that stagnate around the necks of teeth in neglected mouths. Thus, although toothbrushing cannot be expected to remove bacterial aggregations from caries-susceptible sites, it can certainly assist in maintaining cleanliness along accessible parts of the gingival margin and in this way can be shown to reduce the incidence of gingival inflammation.
To assume, because marginal gingivitis responds to tooth cleaning, that plaque removal is a means of preventing or treating periodontal disease, is to equate marginal gingivitis with periodontal disease. There is evidence to suggest that in some instances marginal gingivitis can progress to chronic gingivitis and thence to periodontal disease proper; there is nothing like the same evidence to justify the assumption that this is the invariable course of periodontal disease. The fundamental difference between these conditions is that marginal gingivitis is a reversible condition, chronic gingivitis much less so, and periodontal disease is irreversibleunless difficult and meticulous treatment is successfully carried out, which becomes progressively less likely in the later stages of the disease; the best that can then be hoped for is to arrest its progress.
The first irreversible event (see Figure I) in the progression of periodontal disease is the destruction of fibres. inserted into. the cementum immediately apical to the cement-enamel junction (Cohen 1976) . These coronal fibres of the periodontal ligament are insulated from a hostile outer environment by junctional epithelium, aptly described by Schroeder (1976) as weak, readily permeated and easily penetrated. The effects of both penetration and permeation are illustrated in Figures I and 2 . These lesions occurred in young, germ-free rats, thus demonstrating that neither senescence nor bacterial damage is essential to the initiation of periodontal disease, although both factors are known to influence its progress subsequently. In Figure I the presence of subepithelial foreign bodies suggests that the vulnerable junctional epithelium has been penetrated by sharp food particles and shafts of hair. No overt mechanical injury is apparent in Figure 2 where a mass offood debris is lodged in the area of the col; in this instance epithelial hyperplasia and the presence of a subepithelial Epithelial surface (E) appears intact but numerous inflammatory cells (L) are present sub-, trans-and extraepithelially, and there is conspicuous epithelial hyperplasia (H). S=space occupied by enamel before decalcification inflammatory infiltrate suggest that soluble irritants have permeated through the apparently intact epithelial surface.
By whatever means the first breach in the integument of the periodontium is brought about, it is unlikely that a single mechanism can be responsible in all instances. It is beyond argument that, once breached, the periodontal tissues would be vulnerable to superimposed infection, but the fact that periodontal disease can develop in the germ-free state is repeatedly overlooked. This occurrence, first reported by Baer & Newton in 1959 and amply corroborated since (Baer & Newton 1960 , Baer & Fitzgerald 1966 ,can be seen to exhibit the sequential histopathological appearances characteristic of periodontal disease.
In a recent paper, the President of the International Association for Dental Research set out his view of the three major scientific revolutions in dentistry (Loe 1979) . He chose as the first two the discovery of nitrous oxide anaesthesia and the demonstration of the role of fluorine in the prevention of caries. The significance of both these achievements could hardly be disputed but, astonishingly, the author proposed as the third scientific revolution 'the development and demonstration of the concept that caries and periodontal diseases are infectious diseases'. It is certainly not possible to reconcile observations on germ-free animals with the concept that periodontal disease is infectious in origin, though in an environment as septic as that of the oral cavity, superimposed infections must be regarded as virtually inevitable.
What also has to be regarded as inevitable is the gradual destruction of tissues supporting the teeth that accompanies the normal process of ageing. There is a big difference between the normal appearance of the periodontium in a man of 60 and that which is normal at the age of 16. There is also a distinction to be drawn between that type of periodontal destruction attributable to the accumulation of debris at the gingival margin and that (whose origins are less obvious) which is characterized by destruction much less uniform and much more severe in its effects. In short, just as plaque is not a single homogeneous substance, so, beyond doubt, the process by which the tissues supporting the teeth are destroyed varies widely and cannot always be distinguished from normal ageing.
It must be stressed, in conclusion, that although the limits of space have restricted this paper to considering only the two most common dental diseases, the remit of preventive dentistry should extend much further than that. There is much more to preserving the health of the mouth than safeguarding teeth against caries and against damage to their attachment apparatus. Even that limited objective is much further from attainment than some enthusiasts would have us believe, and is likely to remain so as long as dependence on traditional panaceas continues to survive.
